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Radiation-curable compositions for pigmented inks 

Tne present invention relates to radiation-curable compositions useful as ink vehicles 
or inks, in particular UV-curable inks, such as UV-lltho inks. 

UV-Umo inks based on fatty acid modified polyester acrylate have been used since the 
70ies with increasing success. Compared to conventional ink systems UV-inks exhibit 
faster curing versus oxidative drying and provide an easier printing process because of 
no drying on the rollers, which leads to short start-up times and less waste. However 
fatty acid modified polyester acrylate-based inks still show several performance 
shortcomings compared to conventional ink systems like the ink-water balance (lack 
of ink-water emulsion stability on press), pigment wetting (lack of flow in ink duct) 
higher tack (picking) and higher misting, especially at higher press speeds. 

A process for coating articles wherein a polymerizable prepolymer blend of an 
unsaturated ester of a vinyl aromatic hydrocarbon unsaturated alcohol copolymer 
such as styrene/allyl alcohol copolymer and a polymerizable interpolymer ester such 
as an unsaturated ester of a sryrene/hydroxyalkyl acrylate/alkyl acrylate terpolymer 
is applied to the surface of the article to be coated and the prepolymer blend 
polymerized to form the coating using ionizing radiation is disclosed in US 3.546.002. 

US 4.045.516 describes sryrene-allyl alcohol copolymer-based solid polyene 
compositions which when mixed with liquid pofythiols can form solid curable polyene- 
polythiol systems. These solid polyenes, containing at least two reactive carbon-to- 
carbon unsaturated bonds, are urethane or ester derivatives of styrene-allyl alcohol 
copolymers. 



French patent number 2.168.623 discloses styrene allyl alcohol copolymer-based 
urethane acrylates. The allylic hydroxyls are reacted with diisocyanate and capped 
30 with hydroxy acrylates. 

JP 49-94788 discloses the synthesis of styrene allyl alcohol (SAA) acrylates diluted in 
trimethylolpropane trimethacrylate (TMPTA) as UV vehicles for printing inks. 
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While the known UV-litho Inks exhibit good performance in some of their parameters 
there is still a need for further ink vehicles and inks having improved properties such 
as an Improved water balance, an improved pigment wetting and/or an improved cure 
speed/me subject Inventors have now surprisingly found that if (meth)acrylated SAA 
copolymer-based radiation-curable ink vehicles or inks are diluted with an alkoxylated 
(meth)acrylated monomer Instead of a (meth)acrylated monomer such as TMPTA 
water balance, pigment wetting and/or cure speed of the obtained ink vehicle or ink 
are improved. 

Therefore, the present Invention relates to a radiation-curable composition comprising 
(a) at least one (meth)acrylated styrene allyl alcohol copolymer resulting from the 
reaction of a styrene allyl alcohol copolymer (SAA) with (metjacrylic acid and/or one 
or more alkyl(meth)acrylates, and (b) at least one alkoxylated (metjacrylated monomer. 

SAA copolymers are known in the art. By SAA copolymers it is intended to designate 
copolymers having units derived from allyl alcohol and units derived from styrene 
SAA copolymers are for example produced by Lyondell via a radical polymerization of 
styrene and allyl alcohol as shown in the following scheme: 




A process for making aUyUc/alkylenic copolymers is for example disclosed in WO 
99/62969. 

SAA copolymers are commercially available from Lyondell in three grades. SAA-100 
SAA-101 and SAA-103. The properties of these copolymers which are preferred for the 
preparation of the present compositions are summarized to the following table 1 
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Table 1 



Composition 


SAA-100 


SAA-101 


SAA-103 


Styrene mole % 
Allyl alcohol mole % 


70 
30 


60 
40 


80 
20 


Physical properties 








Phv/Qir»al fnrm 
i i jyoiocu luiiil 

color, Apha( 30% In MEK ) 
Mn, GPC 
Mw, GPC 
Pd 

OH number, mg KOH/g 
Acid number, mg KOH/g 
Tg, °C 

Softening point, °C 


Pastilles 

40 ! 
1500 
3000 

2 
210 
<0,1 

62 

79 


Pastilles 
40 
1200 
2500 
2,1 
255 
<0,1 
57 
73 


Pastilles 

40 
3200 
8400 

2,6 

125 
<0,1 

78 

90 



The hydroxyl groups of the SAA copolymers are stable to acids and bases and easily 
converted to (meth)acrylate by direct esteriflcatlon with (meth) acrylic acid or by 
5 transesterification with an alkyl(meth)acrylate. The SAA copolymer can for example be 
dissolved in toluene and then reacted with acrylic acid or methacryllc acid under 
known process parameters as exemplified in the following scheme: 



10 



15 




HO 



Tol/Cu 




For the purpose of the present invention all acrylated copolymers and monomers may 
be derived from acrylic acid, methacryllc acid and from alkylacrylates and 
alkylmethacrylates. For reasons of simplicity these compounds are uniformly called 
"{meth)acrylated-, but it is to be understood that (methjacrylated copolymers and 
monomers encompass acrylated and methacrylated copolymers and monomers 
throughout the present description and claims. 
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For reasons of processability and handling, SAA copolymer (methjacrylates are 
preferably produced in the presence of a diluent. This diluent can be added during 
(polyol or (methjacrylated polyol) or after the (meth)acrylatlon step (only 
(meth)acrylated polyol). It has been found that alkoxylated (methjacrylated monomers 
are particularly suitable as diluents for (methjacrylated SAA copolymers. Moreover 
litho inks based on (methjacrylated SAA copolymers according to the invention with 
alkoxylated (methjacrylated monomers as diluents show exceptional performance 
compared to state of the art UV Inks for water balance and pigment wetting 
Additionally, depending on the alkoxylated (meth)acrylated monomer a composition 
exhibiting a very high cure speed can be obtained. 

Besides the SAA and the diluent, other components such as an acidic component 
preferably a fatty acid, can be added during the synthesis to modify the properties' 
The quantity of fatty acid added is generally from 0 to 50 % by weight based on the 
total weight of copolymer and monomer. 

The (methjacylated styrene allyl alcohol copolymers used in the composition 
according to the invention is preferably obtained from the reaction of a styrene allyl 
alcohol copolymer (SAA) with acrylic acid. Most prefered is a acrylated styrene allyl 
alcohol copolymer obtained from the acrylation of a styrene allyl alcohol copolymer 
with acrylic acid in the presence of an alkoxylated polyol so that both the styrene allyl 
alcohol copolymer and the alkoxylated polyol are acrylated simultanously. 

A monomer is herein defined as a component able to be further polymerized. It can be 
di- or tri-functional but also tetra, penta or even hexafunctional. 

Generally, the composition of the present invention should comprise the minimum 
amount of 10% by weight, more preferably a minimum amount of 40% by weight and 
most preferably a minimum amount of 50% by weight alkoxylated (methjacrylated 
monomer, based on the total weight of the (methjacrylated SAA copolymer and the 
monomer. For example the composition may comprise 10-90% by weight 
(methjacrylated SAA copolymer and 10-90% by weight alkoxylated (methjacrylated 
monomer, preferably 40-70% by weight (methjacrylated SAA copolymer and 30-60% 
by weight alkoxylated (methjacrylated monomer, each based on the total weight of 
copolymer and monomer. 

The alkoxylated (methjacrylated monomer used in the compositions of the present 
invention are those currently used in radiation-curable compositions. They can for 
example be obtained from mono-, di-. tri- and polyhydroxy compounds being 
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alkoxylated and (methylated. The preferred alkoxylates are ethoxylatea and 
plates or natures there* Each o f fh. hyd^ ^ 

uii is selected from the group consisting of alkoxvlated Wni 
t«crylatea. alKoxylated dte. d.lme.h.acry.atea, and mot^Z 
0 slated ( meth,acry.ated blspheno. A denvauves. Preferab*. the aTx^d 

propoxyteted glycerol Wftneth.acy.atea. efhoxylated neopentylglyco. difaeth ac^s' 

hZI^,^ Pen,ylg,yCO, tehnethy^e 
5 n^T rf PID,W! " ated ""propane teitaetWacrylatea, ImeiacryZd 
2^ M ^ toeth,aaylated A propoxytetes. jcc^ 

te—n Tr ^ted penteetXt^ 

teteata^hja^tatea. alxoxylated dlpentaerythntol penta/hexa (reeth^L 
PartteuUrly preferred monomer dtluenta are <meth,acrylated blspheno. A Ll^s 
auch aa actytated blsphenol A eutoxylate, available aa Ebecryl™ l 50 f~77 

3 :TT" Ca — *— "achate * frr • atlbte « 

trademark OTA480. er me 

The radteuon-curable composition of the preaent tnventton la usem, as ink vehicle for 
»e preparation of tehs. such as UV-htho teles. Therefore, the composlbon mayt^ 
■ corepnee one or more compounds selected ta pWaKnts . photolnlUaton , ~ 

Tne pigments used te the compostUons of the invention are those pigments generally 
used in past, or h quM inha. A hat of auch pigment can be found tete Color h^ 
More parucularly. those pigments may be cited such aa Process Venow 13 (D^ 

ZZ^T T° iCl ^ —a MagentaP^ 

Pona Calcium - llobona 4BY of Sun, bgaUte SMA of Cms,. Precesa Blue IS^Copplr 
Phmalocyamne - hgaUte GU> of Ciba. Hostaperm Blue B2G of Clariant, Pro^Z 

JZV C3lb0n ^ " *"* ^ 250: *— ^ 350 °< ~ ete ^ 
Pigments are preferably used at 1-50% by weight of the total te«n £ £ 

composition, more preferably at 1-40 % by weight. 
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«crrr:c.7rr *- — — — 

Preferably, the composition of the nresent h**-** 

40% bv invention comprises a minimum amount of 

40* by weight, more preferably a minimum amount of 50 v h , T 
(methjacrylated SAA copolymer and alleoxylatea (meihWlaL m 
the total weight of the composition. * W m ° n ° mer ' based « 

^ compositions of the present invention may comprise each one (meth)acrylated SAA 
copolymer and one alkosylated (meth)acrylated monomer or if desired Z 

in the following table 2: DV me LCMS data summarized 
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Resin 


Process 


SAA 


Diluent 




Monomer composition 

fT.C! arpaOAl 








T>Pe 


% 


Mono 


Dl 


Tri 


1 


Co-acrvlation 


103 


OTA480 


50 


0,8 


5,4 


93,8 


2 


Post-dilution 


103 


OTA480 


50 


1.2 


in a 


DO A 




3 


Co-acrvlation 


100 


Ebl50 


60 


7 


93 


NA 


4 


Post-dilution 


100 


Ebl50 


60 


14 


fifi 


1VTA 




5 


Co-aciylation 


103 


Ebl50 


70 


5 


95 


NA 


6 


Post-dilution 


103 


Ebl50 


70 


12 


88 


NA 



Hie above table shoa-s that blsphenol A ethoaylate (EbecryJIM 150) „ legs 
monoacrylated and propoxylaled glycerol (OTA480) to less mono- and dlaorylated 
(based on to* area, to the co-acrylauon process compared to the post dLon 
proceas. Whue apphcant does not wish to be bound to any theory, « ts behoved that 
this effect can probaMy explain the Improvement to the tok-water balance of 
compostoons prepared accordtog to the co-acrylauon process compared to the 
compositions prepared according to the post dilution proceas. 

uteTr^T *° 3 aPPearanCC *° "» P-eaa te 

used. The obtained resin ts much leas colored. 

Furthermore, the cure speed of the compositions of the present Invention has been 
measured to a cyan tok »lth 8% photomldator blend (32% EDB A 3% DETX/7% 

TZTT 1X020 *— /34%BDK> — a 120 w - * ~ 

test. The results are summarized in the following table 2a: 
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SAA 


Process 


Diluent 


Alkoxylation 


Cure speed 
m/min 


100 


co-acrylatlon 


EB150:65% 


OE 


100 


100 


UUUUU1X 


JtWB150:60% 


OE 


90 


100 


co-acrylation 


EB150:60% 


OE 


90 


100 


co-aciylation 


OTA480:45% 


OP 


40 


100 


co-acrylation 


BisA(OP)2DA 


OP 


70 


100 


co-aciylation 


BisA(OP)4DA 


OP 


60 


100 


co-aciylation 


TMP(EO)3TA 


OE 


25 


103 


co-aciylatlon 


EB150:70% 


OE 


110 


103 


post dilution 


EB150:70% 


OE 


90 


103 


post dilution 


OTA480:50% 


OP 


20 



It can be seen from the above table 2a that the cure speed is not significantly 
influenced by the process used (co-acrylation or post dilution). Surprisingly, cure 
speed of Bisphenol A monomers is greater than for other monomers such as OTA 480 
or alkoxylated TMPTA Among the Bisphenol A monomers, ethoxylated Bisphenol A 
monomers have a higher cure speed and are thus preferred over propoxylated 
Bisphenol A monomers. 



10 Inks are generally made in 2 steps, the pigment dispersion step and the letdown step 
In the 1st step, all the pigments are added in the pigment dispersing binders 
(oligomers and monomers). They are mixed and then dispersed on a triple roll or bead 
mill. A few passes are necessary to achieve a good dispersion. Pigments that are 
difficult to disperse require more number of passes. It is the same with the binders 

15 Binders that are not good for pigment wetting also require additional passes. Once the 
pigment has achieved this fineness, the pigment paste is diluted with the letdown The 
letdown has to be compatible with the binder used to disperse the pigments The 
finished ink is then printed onto the substrate. The ink film is then cured under a UV 
lamp, for example at 120W/cm and 30 m/min. A few passes may be required to cure 
20 the ink if the binder is not reactive enough. 

The invention also relates to the polymeric compositions obtainable by curing the 
radiation curable composition as well as to substrates being partially or entirely 
coated with the polymeric composition. 
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Pigment wetting can be evaluated by different methods: 



5 



10 



Rheology: Pigment wetting is a major factor of influence on the rheology. Inks 
with bad wetting of the pigment are showing a marked shear thinning effect 
whereby the viscosity is high at low shear rate and drops as the shear rate is 
increased. This results in a high shortness Index (SI = ratio of low shear 
viscosity to high shear viscosity. For liquid inks a Newtonian rheology is 
required. Ideally, this means that the viscosity is independent of the shear 
rate. (SI = l).Paste inks are more pseudoplastic. showing a shear depending 
viscosity. (SI >1). Too high SI (too high low shear viscosity) may result in bad 
flow in the ink duct. 

The rheology is measured with cone and plate type rheometers. 
Optical density: Pigment wetting can also be evaluated by measuring the color 
density of the printed ink at constant film thickness. In this case the ink is 
printed using a lab applicator and the color density is measured with a 
densitometer, which spectrophotometrically compares the reflected light to the 
Incident light. 

For the present Invention the pigment wetting Is rated on a scale from 5 = excellent to 
20 0 = bad pigment wetting. 
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The water balance of the compositions of the present Invention was evaluated on 
llthotronlc. Basically, the lithotronlc measures the torque needed for a certain speed 
(rpm). The torque gives a measure for viscosity. With the Uthotronic, the change In 
viscosity of an ink is measured when water is emulsified in it. 
The measurement consists of two phases: preconditioning and measurement 
During preconditioning, the sample Is sheared at constant speed and heated at the 
same time to a certain preprogramed temperature. At the end of the preconditioning 
phase, the sample has reached a stable viscosity. At that moment, controlled metering 
of fount solution Is started. Changes of applied torque (hence viscosity, versus time 
and emulsion capacity are recorded. When maximum emulsion capacity is reached a 
drop in torque is usualy experienced because of the free water in the beaker 
At first contact with water, change of torque (delta T) should be small. Further when 
water is emulsified in the ink. viscosity should only undergo a minor Increase This 
ensures a good ink transfer on the press. If to.e emulsion is too fine and too stable (too 
high increase of viscosity) . it will lead to a loss of density and possible ink build up If 
the emulsion 1s too coarse (viscosity decrease), it can lead to unstable press behaviour 
making regular press control necessary. 
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For the present Invention the Ink water balance Is rated by the type of emulsion (F - 
good ink water balance characterized by a limited viscosity increase, resulting from a 
fine emulsion; C = bad ink water balance characterized by a high viscosity decrease, 
resulting from a coarse emulsion ). 

5 

Hie invention will now be illustrated by the following non-limiting examples and tests 
which are by way of illustration only. Unless otherwise indicated, herein all the test 
results and properties herein were performed using conventional methods well known 
to tixose skilled in the art. The amounts in the tables are given in % by weight based 
10 on the total weight of the composition. 

The compositions of the present invention were prepared according to the following 
production examples: 



15 Composition 1 



A reactor was charged with 524 grams of SAA-100 from Lyondell (1,96 eq), 921 4 
grams Simulsol BPJE ( ethoxylated bisphenol A from Seppic - Air Liquide ) ( 4 60 eq) 
496,4 grams acrylic acid ( 6.89 eq). 1295 grams toluene. 48,5 grams para^ 
20 toluenesulphonic acid. 0.50 grams Cu.0. 9.7 grams hypophosphorous acid. The 
reactor content was heated at 120°C until the rate of reaction slows down as 
measured by collection of the esterification water. After about 8 to 10 hrs when the 
acid value was less than 15. the reactor was cooled down to 50'C and diluted with 
toluene till a 1/1 reactantsolvent ratio. The reactor was charged with an aqueous 
25 solution of 15% sodium chloride and stirred for 2 minutes. Phases were let to separate 
at 40-50°C and the aqueous phase decanted. Ssaline washes were repeated until an 
acid value of 5 was reached. The reactor was charged with a caustic solution of 5 o/ 0 
NaOH in an amount of 25% of the batch weight and stirred for 2 minutes. Phases were 
separated at 40°C and the aqueous layer was decanted. Then 1.8 grams HQ and 3 6 
30 grams trisnonylphenylphosphite were added and heated till 120°C to distill the 
remaining water. An airaparge of 1 1/hr was maintained. When the water content was 
below 0.1% the reactor was cooled down for filtration. After distillation of the toluene 
at 90°C and a reduced pressure of 30 mbar. a product Al with a Cone & Plate 
viscosity of 33 Pas and an acid value of 0.7 mg KOH/g was obtained 
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Composition 2 
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A reactor was charged with 399,9 grams of SAA-103 from Lyondell ( 0,90 eq ) 65 0 
grams acrylic acid (0,90 eqj. 313 grams toluene, 11.8 grams para-toluenesulphonlc 
acid, 0,07 grams Cu.0. 2,35 grams hypophosphorous acid. The reactor content was 
heated at 120'C until the rate of reaction slowed down as measured by collection of 
the esteriflcation water. After about 8 to 10 hrs when the acid value was less than 15 
it was cooled down to 50 °C and diluted with toluene till a 1/1 reactant:solvent ratio' 
The reactor was charged with an aqueous solution of 15% sodium chloride and stirred 
for 2 minutes. Phases were let to separate at 40-50°C and the aqueous phase 
decanted. Saline washes were repeated until an acid value of 5 was reached. The 
reactor was charged with a caustic solution of 5 o/ 0 NaOH in an amount of 25% of the 
batch weight and stirred for 2 minutes. Phases were separatde at 40°C and the 
aqueous layer decanted. Then. 1050 grams acrylated bisphenol ethoxylate (EB 150 
from Surface Specialties - UCB), 1,5 grams HQ and 3,0 grams 
trisnonylphenylphosphite were added and heated till 120°C to distill the remaining 
water. An airsparge of 1 1/hr was maintained. When the water content was below 0 1% 
the reactor was cooled down for filtration. After distillation of the toluene at 90°C and 
a reduced pressure of 30 mbar, a product Bl with a Cone & Plate viscosity of 53 Pas 
and an acid value of 1,05 mg KOH/g was obtained. 

Further compositions were prepared according to the above production examples The 
following compositions (products A1-A5 and B1-B2) were obtained according to the 
invention: 6 
Table 3 



Example 



Product Al 
Product A2 
Product A3 
Product A4 
Product A5 

Product Bl 
Product B2 



SAA copolymer 



SAA 100 
SAA 100 
SAA 100 
SAA 100 
SAA 100 

SAA 103 
SAA 103 



Diluent 



Type 



Bis A (EO)4 DA 
Bis A (PO)2 DA 
Bis A (PO)4 DA 
TMP (EO)3 TA 
Glycerol (PO)3 TA 

Bis A (EO)4 DA 
Glycerol (PO)3 TA 



level 



65% 
80% 
75% 
45% 
45% 

70% 
50% 



Viscosity 
Pas; 25°C C&P 



33 

75 

130 

40 

87 

53 
117 



Acid value 
Mg KOH/g 



0,7 
0,8 
0,8 
1.2 
0,8 

1,05 
0,8 
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In the above table 3 the following abbreviations are used: 



10 



Bis A: bisphenolA 

TMP: trimethylolpropane 

EO: ethyleneoxide 

PO: propyleneoxide 

DA: diaciylate 

TA: triacrylate 

C&P: Cone and Plate 

The following comparative compositions were prepared as well- 
Table 4 









Example 


Polymer 


Diluent 


Viscosity- 
Pas; 25°C C&P 








Tvoe 


level 


Acid value 
Mg KOH/g 


Product CI 
Product C2 

Product C3 
Product C4 


SAA 100 
SAA 100 

PEA:Eb657 
PEA:Eb811 


TMPTA 
HDDA 

NA 
NA 


50% 
30% 

NA 
NA 


33 

75 

130 

40 

87 


0,9 
0,9 

<15 
<1 



15 



20 



In the above table 4 the following abbreviations are used: 
PEA:Eb657: Polyester acrylate Ebecryl™ 657 
Polyester acrylate Ebecryl™ 81 1 
trimethylolpropane trimethacrylate 
Hexane diol diacrylate 
not applicable. 



PEA:Eb811: 
TMPTA: 
HDDA: 
NA: 



With the above compositions and comparative compositions the following ink 
formulations were prepared: 
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Table 5 





Al 


A2 


A3 


A4 


A5 


Bl 


B2 


CI 


C2 


C3 


C4 


Oligomer 


64 


50 


62 


59 


60 


58 


58 


64 


66 


57 




Stab 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


60 


PB 15:3 


17 


17 


17 


17 


17 


17 


17 


17 


17 


17 


1 

17 


Talc 


6 


6 


6 


6 


6 


6 


6 


6 


6 


6 




PI blend 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


6 
8 


OTA480 










8 




10 






11 


8 


TMPTA 
















4 








HDDA 


















2 






TMP(EO)3TA 








9 
















Ebeciyl™ 
150 


4 










10 












BPA(OP)2DA 




18 




















BPA(OP)4DA 






6 

















Stab: polymerisation inhibitor (5% solution 
(DiPropyleneGlycolDiAcrylate); NPAL 
phenymydro^lamine)aluminitun salt) 

PB15:3 = phtalocyanine pigment (Irgalite™ GLO from Ciba) 



of NPAL in DPGDA 
Tris(N-nitroso-N- 



10 Various properties of the obtained ink formulations were measured. The results are 
summarized in the following table 6: 
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Table 6 





Al 


A2 


A3 


A4 


A5 


Bl 


B2 


CI 


C2 


C3 




Visco 2.5 s-1 


62.2 


61.5 


63.0 


75.0 


73.1 


58.1 


76.8 


71.2 


131 


72.0 


C4 


Visco 100 s-1 


35.1 


34.8 


33.1 


34.5 


34 


32.5 


34.3 


30.4 


37.6 


30.0 


71.0 


SI 


1.8 


i ft 

J. . o 




2.2 


2.1 


1.8 


2.2 


2.3 


3.5 


2.4 


30.2 


Optical 
Density 


2.05 


1.99 


2.08 


1.98 


2.08 


2.08 


2.13 


2.1 


1.7 


1.95 


2.4 
2.04 


Pigment 
wetting 


4 


4 


4 


3 


3 


4 


3 


2 


1 


2 


2 


Delta T 


9 


8 


8 


9 


12 


9 


8 


9 


5 


23 




Emulsion 


F 


F 


F 


F 


F 


F 


F 


C 


C 


C 


20 


Cure speed 


100 I 


70 


60 


25 


40 


110 


30 


40 


50 


20 


C 
20 
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Furthermore, a comparison between product Al of the present Invention and an Ink 
formulation based on polyesteracrylate (Ebecryl657) was conducted with various 
pigments. The ink formulations prepared are summarized in the following table 7- 



Table 7 




P.Blue 15;3 
P.Red57:l 



17 



17 



18 



P.Yellow 13 



P.Blue 61:1 
Talc 



1.5 



14 



1.5 



ft 
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Various parameters of the obtained Inks were measured. The results are summarized 
In the following table 8: 



Table 8 





B 


ack 


Cyan 


Magenta 






Al 


Eb657 


Al 


Eb657 


Al 


Eb657 


Al 


Eb657 


Vise. 2.5 s-1 


55.9 


102 


62.2 


72.0 


40.3 


60.1 


97.4 


87 


Vise. 100 s-1 


32.1 


31.7 


35.1 


30.0 


33.9 


33.4 


34.8 


34.8 


SI 


1.7 


3.2 


1.8 


2.4 


1.2 


1.8 
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The above results demonstrate that the compositions of the present invention exhibit 
an improved water balance and an improved pigment wetting compared to acrylated 
SAA copofymer-based ink vehicles which do not comprise an alkoxylated acrylated 
monomer and an improved water balance and an improved pigment wetting compared 
to polyester acrylate ink vehicles. Moreover, the cure speed of the radiation-curable 
composition according to the present invention can be higher compared to the known 
compositions depending on the alkoxylated acrylated monomer employed 



